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Abstract 
Fluosilicic acid (FSA) is a potential source of fluorine raw material instead of using fluorspar (fluorite ore) for the production of 
anhydrous hydrofluoric acid (AHF) and its further downstream products e.g. production of high quality and high density aluminium 
fluoride (see below typical flow chart for such technology (Fluosilicic acid process, p-280, [2]). 
Using fluosilicic acid as an alternative source of fluorine raw material makes sense basically if this alternative is significantly more 
attractive than simply using traditional fluorspar technology. This paper is an attempt to determine the economic conditions for 
implementing such FSA technology taking into account the following costs: costs of raw materials, costs of logistics, capital cost, etc 
which are specific to each technology (FSA or fluorspar technologies). Although all these factors are well known to affect economics of 
the process, this paper is a contribution to a better understanding and a better determination of influences and consequences of these costs 
on the profitability. 
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Nomenclature 
AGF  Acid grade fluorspar, fluorspar CaF2 97% min., acidspar 
AHF Anhydrous hydrofluoric acid or hydrogen fluoride 
DAP Diammonium phosphate  
FSA Fluosilicic acid, fluorsilicic acid 
PA Phosphoric acid 
STF  Silicon tetrafluoride 
 
 
Hydrofluoric acid (HF) and aluminium fluoride (AlF3) are essentially produced starting from fluorspar by a traditional 
process known as the fluorspar process. 
 
 
 
* Corresponding author. Tel.: +41 22 548 1249; fax: +41 22 545 7512. 
E-mail address: a.dreveton@adpro-stg.com 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Scientific Committee of SYMPHOS 2013
280   Alain Dreveton /  Procedia Engineering  83 ( 2014 )  279 – 285 
In this first process, fluorspar is reacted with sulphuric acid and the reaction mass is heated using a rotary kiln (fig. 1). 
The HF gas generated is condensed and purified to produce anhydrous hydrofluoric acid (AHF). The latter is further reacted 
with alumina trihydrate in a fluidized bed reactor to produce high quality and high density aluminium fluoride. 
 
An alternative method is the manufacture of hydrofluoric acid (HF) and aluminium fluoride (AlF3) starting from 
fluosilicic acid by a process known as the fluosilicic acid process (FSA process) for HF or the dry process for aluminium 
fluoride. This process was designated as the FSA-based process of second generation in my previous paper presented at 
Symphos 2011 (Dreveton, [1]) dedicated principally to the description of the FSA processes. 
 
In this alternative process, fluosilicic acid is decomposed by sulphuric acid into silicon tetrafluoride gas (STF) and 
hydrofluoric acid. The STF gas is recycled to make more fluosilicic acid by absorption. HF gas is generated by way of 
evaporation out of the sulphuric acid solution. Next HF is liquefied and purified to produce anhydrous hydrofluoric acid 
(AHF) [2] of the desired quality. The latter is further reacted with alumina trihydrate using a fluidized bed reactor to 
produce high quality and high density aluminium fluoride in the same manner as it is with the fluorspar process. 
 
Before implementing such technology starting from fluosilicic acid as raw material, a complete detailed evaluation of the 
project must be undertaken including all aspects of the technology and project. The evaluation should not be limited to the 
comparison of process plant only. The entire environment around the technology including all technical and economical 
aspects has to be studied and evaluated precisely. 
 
Between years 2007 and 2012, prices of acid grade fluorspar have escalated considerably from US$/ton 180.- to US$/ton 
450.- (peak US$/ton 550.-)  increasing by 150% while prices of aluminium fluoride increased to a lower extent from 
US$/ton 750.- / 800.- to a price range US$/ton 1’200.- to -1’800.-. After reaching this peak of US$/ton 1’800.-, prices 
returned to the bottom of that range end of 2012. Acidspar is the first cost in the production of aluminium fluoride and has 
reached up to about 50% of these costs. Requirement is up to 1.5 ton acid grade fluorspar per ton of aluminium fluoride 
equivalent to about US$/ton 600.-.  Consequently the profitability of the fluorspar process is low and the use of an 
alternative material cheaper (or eventually free) as fluosilicic acid is attracting a lot of interest.  
 
Prices of hydrofluoric acid as well have followed a similar type of trend. 
 
Anyhow for decades this technology was not regarded because of low prices of fluorspar. The selection of this 
technology is depending on the fluorspar market situation and the questions to be answered are: what is the minimum 
fluorspar price level for having the FSA technology still competitive? What is the maximum price of FSA to negotiate for 
having this technology still competitive against the fluorspar technology? -bearing in mind always the new risks associated 
with a new technology. 
 
Presently Chinese producers are starting to face difficulties with the sourcing of fluorspar. In this situation, many 
companies are planning production lines for valorization of fluosilicic acid; about 10 production lines are known at this 
time. 
 
 
1. Economics for production of aluminium fluoride 
 
For the purpose of this evaluation, the comparison is made for aluminium fluoride plants based on conditions the most 
representative generally encountered.  
 
The plant capacity taken into consideration is 30’000 MTPY aluminium fluoride. This size of plant is corresponding to 
the size of most of plants built during the last years using fluorspar and most of plants under study now foreseen to use 
fluosilicic acid. Scale-up can be based on multiple parallel production lines or production lines of larger capacity. Usual 
scale-up factor for chemical plants can apply to determine economics at different capacities. (Not available in this paper). 
 
The capital costs of such plants are estimated for conditions prevailing in emerging countries. Assumptions for the 
financial model are interest rate 7.5%, equity/debt ratio 25% / 75%. 
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1.1. Base case for the manufacture of aluminium fluoride from fluorspar 
x Plant is a standalone plant. The site of the plant is located in any industrial area, preferably near or at sea port area. Site to 
suit the local regulations for hazardous materials. 
x The raw materials are transported to the production site. This includes fluorspar, alumina trihydrate and sulphur. 
Aluminium fluoride is easily dispatched to consumers’ sites. Sulphuric acid and oleum are usually produced at same site 
or nearby. Sometimes sulphuric acid is transported. Oleum is seldom transported.  
x Byproduct anhydrite (calcium sulphate) is sold to cement plant(s). 
x Investment costs are including drying units of alumina hydrate and fluorspar, process plants for AHF and AlF3, chiller 
for production of AHF. 
x Additional systems as neutralization plant, etc 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Typical process block diagram for the manufacture of hydrofluoric acid and aluminium fluoride from fluorspar 
 
1.2. Base case for the manufacture of aluminium fluoride from fluosilicic acid 
Basically the producer of phosphoric acid shall decide between neutralization of fluosilicic acid (a waste) or valorization 
of recovered fluosilicic acid (an intermediate product).  
x Neutralization of fluosilicic acid: diluted fluosilicic acid is neutralized to avoid a substantial environmental problem. This 
is generally done by using lime. It is a cost up to approx. US$ 100.- per mt of H2SiF6 100% depending on how this is 
made. Avoidance of this cost is already a gain. It is the reason to indicate a price of FSA (US$/mt = - 100.-) on graphs 
mentioned below.  
x Fluorine recovery: Fluosilicic acid is generally recovered as 23% H2SiF6 typically by adding a batch absorber to the 
evaporation stage of a dihydrate process plant for production of phosphoric acid. The base case. 
x Plant is not standalone and has to be integrated within phosphoric acid complex. Logistics are a concern for alumina 
hydrate and aluminium fluoride only.  
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x Water balance: a large amount of sulphuric acid is diluted during processing in the HF plant and this diluted acid has to 
be fed to the phosphoric acid plant. If the phosphoric acid produced by this method has higher water content than usual, 
additional cost will occur to re-concentrate this phosphoric acid again for evaporating the extra amount of water. 
x Investment costs include drying unit of aluminium hydrate, process plants for AHF and AlF3, utility systems especially 
chillers for AHF liquefaction and chillers (needed normally) to chill the cooling water fed to the STF hydrolysis (HF 
plant section).  This chiller is not required if it is replaced by a recovery of refrigeration with the ammonia evaporator of 
DAP  plant.   
 
x Contingency for additional systems, neutralization, .. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Typical process block diagram for the manufacture of hydrofluoric acid and aluminium fluoride starting from fluosilicic acid 
 
1.3. Comparison of economics for aluminium fluoride 
 
With the actual conditions, the best economics (Internal Rate of Return before Tax) are:  
 
x Fluosilicic acid price << 150 US$/mt H2SiF6 100% 
 
This is the case of integrated producers of PA, FSA and AlF3. Producers of fluosilicic acid have a significant competitive 
advantage for the production of aluminium fluoride. 
 
x Fluosilicic acid price ~ 150 US$/mt H2SiF6 100% 
 
Joint venture partners of phosphoric acid producers are buying the fluosilicic acid and have a smaller competitive 
advantage than integrated producers using fluosilicic acid and a small advantage over producers integrated with fluorspar 
technology and Chinese producers using fluorspar technology. It is also depending of course on the price of the 
fluosilicic acid negotiated. 
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x Fluosilicic acid price > 150 US$/mt H2SiF6 100% 
 
There is a competition between the fluosilicic acid technology and integrated producer with fluorspar or Chinese 
producers of aluminium fluoride. Fluosilicic acid has not much advantage unless fluorspar is not available.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Typical Internal Rate of Return (IRR) figures versus prices of fluosilicic acid and prices of fluorspar of for the manufacture of aluminium 
fluoride (AlF3 30’000 MTPY, emerging countries) 
Typical price of fluorspar in China (US$/mt < 300.-) 
Typical price of fluorspar for long term contracts (US$/mt < 400.-) 
 
2. Economics for production of anhydrous hydrofluoric acid 
The basis is the same basis as for aluminium fluoride with the exceptions, remarks as follows: 
 
For a preliminary evaluation, the comparison is made for hydrofluoric acid plant based on the AHF plant with capacity of 
20’000 MTPY anhydrous hydrofluoric acid. This size of plant is corresponding to the production of 30’000 MTPY of 
aluminium fluoride. Few sections of the aluminium fluoride are removed. (Aluminium fluoride reactor section and drying 
unit of alumina hydrate are removed).  
 
The capital costs of such plants are estimated for conditions prevailing in emerging countries. Estimation of capital costs 
at different capacity can be adjusted by repeating production lines or applying scale-up factors (Not available in this paper). 
 
Assumptions for the financial model are interest rate 7.5%, equity/debt ratio 25% / 75%. 
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2.1. Base case for the manufacture of anhydrous hydrofluoric acid from fluorspar 
x Stand-alone plant. Site location can be in any industrial area, preferably near or at sea port area. Site to suit the local 
regulations for hazardous materials. 
 
x The raw materials are transported to the production site. This includes fluorspar and sulphur. Sulphuric acid is usually 
produced nearby as oleum is required for production of anhydrous hydrofluoric acid. Byproduct anhydrite (calcium 
sulphate) is transported to cement plant(s). 
 
x Investment costs are including drying unit of fluorspar, process plants for AHF, safety containment storage for AHF, 
chiller for production of AHF. 
 
2.2. Base case for the manufacture of anhydrous hydrofluoric acid from fluosilicic acid  
x Investment costs include process plants for AHF, utility systems especially chillers as mentioned above, AHF safety 
containment storage, ISO tank containers fleet. 
 
x Anhydrous hydrofluoric acid is a hazardous product and must be shipped to the consumers’ sites overseas as not many 
consumers exist at locations of the phosphoric acid plants. Additional costs will occur compared to the fluorspar 
technology as shipping will use essentially ISO tank containers instead of cheaper methods as railway tank wagon, etc. 
Additional costs are for owning the fleet of ISO tank containers which in most cases are not available, for the ocean 
freight to and from (empty container has to be returned), charges for detention time of containers at client’ site 
considering a low rotation frequency of shipments, insurance for shipping hazardous material. All these costs are 
representing an appreciable amount of money. 
 
x Contingency for additional neutralization plant. 
 
2.3. Comparison of economics for anhydrous hydrofluoric acid 
 
According to this base case and actual market conditions prevailing, the best economics (Internal Rate of Return before 
Tax) are: 
 
x Fluosilicic acid price << 100 US$/mt H2SiF6 100% 
 
Integrated producers of PA / fluosilicic acid have a small advantage or are in competition with integrated producers 
worldwide or China for the production anhydrous hydrofluoric acid. 
 
x Fluosilicic acid price ~ 100 US$/mt H2SiF6 100% 
 
Joint venture partners of producers of phosphoric acid who are buying the fluosilicic acid are in competition with AHF 
producers integrated with fluorspar or Chinese producers using the fluorspar technology. 
 
Typical price of fluorspar in China (US$/mt < 300.-) 
Typical price of fluorspar for long term contracts (US$/mt < 400.-) 
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Fig. 4. Typical Internal Rate of Return (IRR) figures versus prices of fluosilicic acid and prices of fluorspar for the manufacture of anhydrous 
hydrofluoric acid (AHF 20’000 MTPY, emerging countries) 
3. Conclusions 
In all cases, production of aluminium fluoride is better than production of hydrofluoric acid as it a non-hazardous 
material, easily transportable with large volume requirements and with lower risks on profitability.  
 
In general, there is no special added value to produce AHF when AHF is shipped overseas using ISO tank containers. 
AHF will be produced using this alternative technology in special circumstances only; for example as a co-product along 
with aluminium fluoride, if special conditions of logistics exist, if downstream productions are located close to phosphoric 
acid production sites. Priority shall be to start first production of aluminium except maybe for China and few other 
exceptions. 
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